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Introduction
Weed management in 2009 was, as usual, a mixed vision of apparent successes and obvious failures. In general, 
less than complete planning left many producers in dire straits for weed management options after planting. Wet 
conditions precluded many planned programs and thus once again, untold yield potential was lost due to weed 
interference. While the postemergence (POST) herbicide applications were generally successful (in killing weeds), 
it is clear that Iowa fields are becoming more populated by weeds that do not respond to the “programs of choice”. 
Furthermore, the widespread lack of using an herbicide strategy that includes a residual herbicide resulted in high 
weed population densities later in the growing season. This does not portend well for the 2010 growing season. 
Notable observations from the 2009 growing season include the fact that common waterhemp is indeed the weed 
of significance for Iowa and increasing in importance and control is becoming more difficult; giant ragweed has 
become a major problem in many areas; new herbicide resistant weed populations have been documented and the 
number of resistant populations continue to increase at an increasing rate; weeds are generally not thought to be 
a serious problem despite consistent evidence to the contrary; and growers believe that new traits and yet-to-be-
discovered herbicides will resolve all weed management problems. This paper will address these observations and 
provide perspectives as to the validity of grower assumptions.
Issues to consider
If weed infestations are objectively assessed, there are a couple of noteworthy observations; no fields are devoid of 
weeds that are sufficiently populous to affect significant yield losses and weed management is generally lacking in 
most fields. This is not to suggest that weeds are not often effectively killed and that current herbicide tactics are not 
still controlling most of the weed communities in fields. However, current trends strongly indicate that weeds are 
consistently causing reductions in yield potential that are greater than any other pest complex and the numbers of 
weed populations that are not responding to current tactics are increasing at an increasing rate. Three specific issues 
shall be addressed and discussed in this section.
Weed resistance
Weeds that have evolved resistance to herbicides are not a new phenomenon in Iowa. While there has never been a 
survey assessing the extent and severity of herbicide resistant weed populations in Iowa, anecdotal evidence strongly 
supports the statement that herbicide resistant weed populations are widely distributed in Iowa and are observed in 
numerous species (Heap, 2004 -189; Owen, 2005 - 479; Zelaya, 2004 -19). Resistant weed populations to triazine 
herbicides and ALS inhibitor herbicides historically have been the greatest and most common problem in a number 
of weed species in Iowa. Recent research conducted on grower fields in Iowa demonstrated conclusively that 
common waterhemp populations have evolved resistance to PPO inhibitor herbicides and giant ragweed populations 
have evolved resistance to glyphosate. Given that states surrounding Iowa have documented numerous instances of 
similar evolved resistance to PPO inhibitor herbicides and glyphosate, the discovery of resistant weed populations in 
Iowa is of no great surprise. 
It is important to recognize that the herbicide directly did not cause the resistance to occur but rather the evolved 
herbicide resistance was a feature of herbicide use patterns and management decisions imparted by growers, agchem 
dealers and agchem manufacturers. The herbicide resistance trait existed in the weed population and through 
repeated use of the herbicide without the inclusion of alternative weed management strategies; the resistance trait 
was selected as the favored genotype within the weed population.  In essence, growers selected for a weed biotype 
that was not controlled by the strategies employed in the fields. The “better” the strategies and the more consistently 
they were used, the faster the evolution of the herbicide resistant weed biotype. Given the current situation in crop 
production in Iowa, the phenomenon of selecting for herbicide resistant weed biotypes will escalate at an increasing 
rate {Owen, 2009 #884}. 
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Crop injury and surfactants
A number of reports of significant corn injury from late POST herbicide applications has been reported in the 
past few years. While ISU research has not been able to demonstrate this problem, collaborator research reported 
consistent “arrested” ear development from surfactant applications made to V14 corn. While the research did not 
eliminate the possibility of an interaction between the surfactant and herbicide, the consistency of the results suggest 
that there is a significant contribution of the surfactant to the observed injury. Importantly, late POST applications 
should not be considered a viable weed control tactic and in most cases, the late applications are not described on 
the herbicide labels.
Crop yield protection
Iowa growers continue to lose significant crop yield potential because of delayed POST herbicide applications. This 
loss of yield potential attributable to early season weed interference (in corn and soybean) was well demonstrated 
in 2009 where wet and windy conditions did not allow timely POST herbicide applications. Recognize that this 
represents a significant economic loss in profitability. The issue revolves around effective time management and the 
high likelihood that the weather is likely to interfere with herbicide application plans. The best way to better manage 
time in the spring with regard to weed management issues is to apply a residual herbicide early preplant (EPP) late 
in March or early April. This is an effective strategy in corn as well as soybean. 
Recognize that the correct herbicide or herbicide combination must have activity on the weeds that are; 1) in highest 
population, 2) germinate earliest in the growing season, and 3) are the “problem” weeds of greatest concern (i.e. 
common waterhemp). Also recognize that expectations as to what the EPP treatment will provide must be realistic. 
Full-season weed control from one herbicide treatment is a myth devised by ad agencies and has no support in the 
real world. While growers will use the excuse that the EPP residual treatments cost more, be assured that the crop 
yield potential that they protect will likely be considerably more than the cost of the herbicide treatment. 
Companies have positioned some POST herbicides that have residual activity or residual herbicides that can be 
applied with other POST herbicides as a way to achieve residual control. While these herbicides will provide 
some residual control and the weeds that exist at the time of application will be controlled, this tactic does not 
resolve the application timing problem. In order to best manage time early in the growing season, to ensure that 
POST herbicides are applied in a timely fashion, and to best protect crop yield protection, apply an EPP herbicide 
treatment early in the growing season. The modicum of weed management that the EPP treatment achieves will 
allow the POST treatments to be timely and thus provide better weed management, higher yields, and more profit.
Stewardship
The concept of stewardship in weed management includes the previous topics and ultimately follows the principles 
of Integrated Weed Management (IWM). In the current context, production practices that focus on genetically 
engineered crops (e.g. Roundup Ready® or Liberty Link®) tend to emphasize simplicity and convenience resulting in 
the recurrent use of single herbicides. In the case of Roundup Ready® crops, the recurrent use of glyphosate is well 
documented. Given that Liberty Link® corn has not captured a large market share and Liberty Link® soybeans are 
newly commercialized, there is little data to support the claim that growers will “adopt” the same weed management 
tactics as has been done with Roundup Ready® crops. However, the author suggests that the same utilization model 
as has occurred with Roundup Ready® crops will occur with Liberty Link® if growers see this as an alternative 
stewardship tactic. If such is the case, growers will quickly find themselves with the same stewardship issues (e.g. 
weed shifts, evolved weed resistance and lost crop yield potential) that have generally been in evidence for Roundup 
Ready® crops. In fact, stewardship should be a major consideration regardless of the crop types grown.
An important misconception about the current crop production systems which focus on Roundup Ready® crops 
is that there are fewer management options. While in certain crops, manufacturers may have decided to let some 
herbicide registration lapse, generally speaking most of the historically important herbicides are still available, either 
as proprietary products or as generic products. This is particularly the case for corn and soybeans. Furthermore, 
other alternative weed management tactics (i.e. mechanical weed control) are also available. The problem is that 
growers generally do not see the value of including alternative tactics, or do not choose to adopt them because 
they do not represent strategies that are simple or convenient. The truth is that growers cannot afford not to adopt 
alternative tactics and must implement stewardship in their crop production systems or face the eminent loss 
of utility of the important pest traits that comprise most of the corn and soybean acres. Importantly, these same 
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stewardship practices and the plethora of weed management tactics are also available for “conventional” crops 
as well. Without using a diverse weed management program that accommodates the principles of IWM, weeds 
ultimately will adapt to the simple and convenient tactics that predominate crop production in Iowa. Without 
implementing stewardship, yield will be lost, weed shifts will occur and herbicide resistant weed populations will 
escalate.
Product update
There have been a number of new herbicides and herbicide combinations made available recently. The following 
discussion will attempt to summarize the new (and some previously existing) products but the list is not likely 
inclusive of all available products, particularly given the plethora of generic products currently available. Inclusion of 
a product does not constitute a de facto recommendation and exclusion does not mean that the product should not 
be considered for use.
Herbicides
Accent® Q is a prepackage herbicide mixture form DuPont that contains nicosulfuron and isoxadifen (safener) 
that can be applied POST to corn for the control of emerged grass weeds and some broadleaf weeds. Apply 0.9 
ounces of product per acre to small grasses. Accent Q can be applied to corn up to 20” tall or V6, whichever is more 
restrictive. ALS resistant weeds will not be controlled. 
Callisto® Xtra is a prepackage herbicide mixture from Syngenta that contains mestrione and atrazine and will be 
positioned in glyphosate-tolerant corn as an additive to glyphosate. Callisto Xtra will provide POST control of some 
annual grasses and broadleaf weeds and also provide residual control of some broadleaf weeds. Apply 20.0 to 24.0 
ounces of product per acres POST to corn and small weeds. Do not apply Callisto Xtra to corn that is taller than 12”.
FreestyleTM is a prepackage herbicide mixture from DuPont specifically designated for POST application to 
Optimum GAT® corn and soybean cultivars. The prepackage mixture includes three herbicides, all of which are 
ALS inhibitor herbicides. These include chlorimuron ethyl (12.5%), thifensulfuron methyl (18.75%) and tribenuron 
methyl (18.75%). Apply 0.66 to 1.3 ounces of product per acre. Freestyle should improve control of weeds that 
are difficult to manage with glyphosate (i.e. winter annual weeds) but will not control weeds that have evolved 
resistance to ALS inhibitor herbicides (i.e. common waterhemp).
InstigateTM is a prepackage mixture from DuPont specifically designated for PRE application to Optimum GAT corn 
hybrids. The prepackage mixture includes three herbicides two of which are ALS inhibitor herbicides (rimsulfuron 
[4.7%] and chlorimuron ethyl [4.7%]) and an HPPD inhibitor herbicide (mesotrione 31.2%). Apply 6.9 to 10.3 
ounces of product per acre. This prepackage mixture provides residual control of some broadleaf and annual 
grass weeds as well as contact activity on emerged weeds. The best geographic fit is typically south of I-80 due to 
recropping considerations and soil pH issues. 
IntegrityTM is a prepackage herbicide mixture from BASF that includes Kixor® (saflufenacil 6.24%) and 
dimethenamid-P (55.04%) for EPP, PPI, and PRE applications in corn. Integrity contains a PPO inhibitor herbicide 
(saflufenacil) and a choracetamide herbicide (dimethenamid-P0 that inhibits weed root and shoot development. 
IntegrityTM will provide burndown control of annual broadleaf weeds and residual control of annual grass and 
broadleaf weeds. Apply 10 to 16 ounces of product per acre. Refer to the label for specific details about application 
procedures and restrictions. 
Kixor® is an herbicide concept that will be marketed by BASF. Kixor (saflufenacil) will be sold as a component of 
other products such as Sharpen, Integrity and Optill. Kixor is a PPO inhibitor herbicide in a new herbicide class 
(pyrimidinedione). Kixor® provides contact activity as well as residual control of some broadleaf weeds.
OptillTM is a prepackage herbicide mixture from BASF that includes Kixor (saflufenacil 17.80%) and imazethapyr 
(50.20%) for burndown, PPI or PRE applications in Clearfield corn hybrids and soybeans for control of annual 
grass and broadleaf weeds. Optill contains a PPO inhibitor herbicide (saflufenacil) and an ALS inhibitor herbicide 
(imazethapyr). Apply 2.0 ounces of product per acre. Refer to the label for specific details about application 
procedures and restrictions.
PrequelTM is a prepackage mixture from DuPont for burndown weed control that also provides residual control of 
winter annuals, grass and broadleaf weeds. Prequel contains an HPPD inhibitor herbicide (isoxaflutole 30%) and an 
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ALS inhibitor herbicide (rimsulfuron 15%). Prequel can be used in GM corn and conventional hybrids and can be 
applied prior to planting or PRE. Apply prior to crop emergence as injury to emerged corn is likely.
SharpenTM is Kixor (saflufenacil 29.74%) for burndown and residual broadleaf weed control in corn and soybean 
(and other crops). Applications may be made EPP surface applied or incorporated (up to 14 days prior to planting) 
or PRE. Do not apply after crop emergence as severe injury will occur. Refer to the label to determine the appropriate 
rate of application.
Steadfast® Q is a prepackage herbicide mixture form DuPont that contains nicosulfuron and rimsulfuron (ALS 
inhibitor herbicides) and isoxadifen (safener) that can be applied POST to corn for the control of emerged grass 
weeds and some broadleaf weeds. The rimsulfuron in Steadfast Q provides some residual weed control. Apply 1.5 
ounces of product per acre to small grasses. Steadfast Q can be applied to corn up to 20” tall or V6, whichever is 
more restrictive. ALS resistant weeds will not be controlled. 
TraverseTM is a prepackage herbicide mixture from DuPont specifically designated for EPP (fall and spring) and PRE 
applications to Optimum GAT® corn and soybean cultivars and POST applications to Optimum GAT corn through 
V6 stage of development. The prepackage mixture includes two ALS inhibitor herbicides; chlorimuron ethyl (12.5%) 
and rimsulfuron methyl (12.5%). Apply 2.6 to 3.9 ounces of product to the soil and 2.0 ounces of product POST. 
Some residual control may be available from the higher rates of application. Annual grasses and many broadleaf 
weeds are controlled by Traverse but ALS resistant weeds will not be affected. 
TrigateTM is a prepackage herbicide mixture from DuPont specifically designated for POST application to Optimum 
GAT corn. The prepackage mixture includes three herbicides two of which are ALS inhibitor herbicides (rimsulfuron 
[6.7%] and tribenuron methyl [5.0%]) and an HPPD inhibitor herbicide (mesotrione 33.3%). Apply 3.75 ounces of 
product per acre POST to small weeds on Optimum GATM corn up to the V6 stage of development. Trigate controls 
many annual grass and broadleaf weeds and some winter annuals.
VidaTM herbicide is marketed by Gowan and will be positioned as a tank mix companion for glyphosate for PRE 
burndown applications for broadleaf weed control in corn and soybeans. Vida is pyraflufen ethyl (2.5%) and 
formerly marketed as ET herbicide. While Vida does have an EPOST label, crop injury can be severe. Vida is a PPO 
inhibitor herbicide.
Crop technologies
Dow AgroSciences herbicide tolerant trait technology (DHT) continues to be developed and field trials have 
been underway for several years. It is anticipated that submissions for registrations will begin or have begun recently. 
Registrations must be handled on the trait side as well as the chemical side of the techonology. EPA submission for 
the herbicide tolerances/registrations are anticipated to occur in 2010 while Dow AgroScience will likely request that 
the USDA deregulate the corn trait in the third quarter 2009. Pre-market biotechnology notification is anticipated 
to be submitted to the FDA in the third quarter 2009. There will be a public comment period following these 
submissions. The soybean trait timeline is reported to be similar to the corn timeline.
There are several DHT traits currently under development (termed DHT 1 and DHT 2). The traits were discovered 
in soil bacteria and facilitate the metabolism of the herbicides in question (phenoxys and ACCase inhibitors). DHT 
1 oxidizes 2,4-D and other phenoxy herbicides as well as the “fop” ACCase inhibitor herbicides to non-herbicidal 
metabolites. The DHT 1 is specific for the R isomers of these herbicides and will not metabolize the “dim” ACCase 
inhibitor herbicides. DHT 2 is from a different soil microorganism and will metabolize the phenoxy herbicides faster 
than the DHT 1 trait. The DHT 2 trait will be placed in soybeans and is specific for the S isomers of the herbicides. 
The DHT traits provide tolerance to preemergence and postemergence applications of the herbicides in question. 
Dow AgroScience is developing a robust stewardship program to accompany the marketing programs. The 
positioning of the DHT traits will be directed for “hard to control” weeds and the approach will be to partner the 
DHT traits with other technologies, systems and deliver the technology in the top germplasms. Dow AgroScience 
reportedly will market the DHT technologies in combination with their currently available soil-applied residual 
herbicides. 
Dicamba soybean development continues with an anticipated commercial availability in the middle of the next 
decade. The new dicamba tolerance trait will be stacked with glyphosate resistance and provide an alternative 
herbicide strategy for controlling problem broadleaf weeds including those broadleaf weeds that have evolved 
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resistance to glyphosate. It is important to recognize that two weed species, common lambsquarters (Chenopodium 
album) and kochia (Kochia scoparia) have been reported with evolved resistance to dicamba in New Zealand. 
(Heap, 2004). Another consideration is that dicamba drift (particulate and volatilization) is potentially a serious 
problem. Furthermore, tank contamination must be considered as a major issue, particularly when glyphosate 
follows a dicamba application. Thus, stewardship (see Stewardship) must be an important consideration when 
including dicamba tolerant soybeans in future crop production systems.
Liberty Link® corn and soybeans cultivars are commercially available and represent an alternative to Roundup 
Ready® cultivars. Bayer Crop Science have made an excellent “Trait and Technology Use Manual” available to 
growers and have emphasized the need to include stewardship with this genetically modified crop technology. 
The Liberty Link® trait provides tolerance to Ignite® (glufosinate) herbicide which is a non-selective POST contact 
herbicide. It is critically important to recognize the glufosinate is a different herbicide than glyphosate; differences 
include the specific mechanism of action, the means by which weeds are controlled (contact action for glufosinate 
versus translocation for glyphosate) and the relative size of weed that glufosinate will consistently control compared 
to glyphosate. However, from a crop yield protection perspective, glufosinate and glyphosate should be applied at 
the same early application time. 
Bayer CropScience addresses the need for early application timing by recommending an application of 22 fluid 
ounces of Ignite® 22 days after crop emergence or when weeds are three to four inches tall. While this may be 
a reasonable application compromise, conditions of specific fields will likely be dramatically different and thus 
application timing for these fields will differ considerably.  Another critically important application restriction that 
must be observed is the maximum height/stage of development for Liberty Link® crops; soybeans can be treated 
until bloom stage of development and corn can be treated until V7 (seven fully developed leaf collars). Applications 
after the maximum stage of crop development are illegal and may result in significant crop damage. 
The use of a soil residual herbicide applied prior to or immediately after planting is suggested by Bayer CropScience 
as an alternative to Ignite alone. An EPP residual herbicide application is recommended (by Iowa State University 
– see Crop Yield Protection) for Liberty Link® crops. While there have not been any weeds with evolved resistant 
to glufosinate reported to date, the weed spectrum what is effectively controlled by glufosinate differs from that of 
glyphosate, and similar to the weed shifts experienced in glyphosate-based weed management programs, weed shifts 
are anticipated with the repeated use of glufosinate. Using alternative weed management tactics (see Stewardship) 
will delay or may eliminate the probability of weed shifts including the evolution of resistance to glufosinate.
Optimum GAT® continues to be developed with an anticipated commercial introduction in corn scheduled for 
2010 pending regulatory approval. U.S. approvals of the Optimum GAT trait in corn are anticipated by the end of 
the year. Pioneer is planning for controlled releases of Optimum GAT corn in 2010 & 2011. This means limited 
volume and grain channeled to appropriate markets. Optimum GAT soybeans are planned to be introduced in the 
U.S. in 2011. The new herbicides are expected to be available for sale with the trait. Optimum GAT® was developed 
by Pioneer Hi-Bred by “gene shuffling” technology resulting in the inclusion of a genetically modified trait that 
rapidly metabolizes glyphosate and prevents ALS inhibitor herbicides from binding at the site an herbicide action.
Conclusions
The number of weed management options continue to increase for Iowa corn and soybean production. Current 
systems will be based on GM crop technologies, primarily glyphosate tolerant crops. However, the availability 
of glufosinate tolerant crops will provide an important alternative for growers who have or anticipate weed 
management challenges with glyphosate. Conventional crops also have more choices for weed control than in the 
past. The key to effective weed management, however, is to include as many strategies as possible and make sure 
that the strategies are applied in a timely fashion thus protecting crop yield potential. Without stewardship and the 
adoption of IWM, any and all systems for weed control will ultimately fail in the long term, and significant profit 
will be lost in the short term.
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